Abstract: Inexpensive and environmentally friendly papaya seeds are used as a reducing agent in a cost-effective method for the synthesis of silver nanoparticles (AgNPs).The Response Surface Methodology (RSM) based on central composite design (CCD) was used to evaluate and optimize the effect of independent variables, temperature and concentration of reducing agent. Characterization of synthesized AgNPs were done by using nanoparticle size analyser, Fourier transform infrared spectroscopy (FTIR), Transmission electron microscopy (TEM), Energy Dispersive X-ray Spectroscopy (EDX) and X-ray diffraction technique (XRD).Synthesized spherical AgNPs were having particles range of 12 to 69 nm. This study established by the FT-IR that the papaya seeds were responsible for reduction and capping of the AgNPs.
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The experiments were performed using shaker bath of RossariLabtech, Mumbai, India. 0.01M silver nitrate solution was prepared using distilled water in 100 ml conical flask by adjusting the pH 3using acetic acid. Desired amount of papaya seeds were then added to this solution and were stirred continuously at 70 rpm to keep the papaya powder suspended. After 2 hour solution was withdrawn .The colloidal brown color obtained from colourless silver ion solution confirms the formation of AgNPs [24] . After complete reduction, this solution was filtered through nylon mesh and then centrifuged for 15minutes at 12000 rpm, the residues were further washed with distilled water and dried in vacuum oven at 80°C.
C. Experimental Design
Optimization studies were performed using RSM based on central composite design (CCD) for independent variables viz. temperature and concentration of reducing agent on absorbance of the solution as a response as is shown in Table I .
D. Characterization
UV-Visible spectrophotometer (UV-1800 ENG 240 V, Shimadzu, Japan) was used to confirm the formation of nanoparticles as a function of time in the range of 200-800 nm with a resolution of 1 nm. The particle size analysis was carried out using nano particle size analyser (SALD 7500 nano, Shimadzu, Japan).The morphology of the nanoparticles was studied by a Scanning transmission electron microscopy (Phillips TEM-200 Supertwin STEM, accelerating voltage-200kV, resolution-0.23 nm).The crystal structure of NPs was investigated by X-ray diffractometer (Shimadzu XRD-6100, Japan) with 2θ scope of 10-80º using CuKα X-ray source. Fourier transforms infrared spectra (FTIR) were recorded at room temperature using FTIR (FTIR 8400S Shimadzu, Japan) in the spectral range of 750-4000 cm -1 and elemental analysis was done in the Na-U channel using EDX (EDX-720, Shimadzu, Japan).
III. RESULTS AND DISCUSSION

A. Optimization analysis
A second-order polynomial model was considered to calculate the optimal levels of the temperature (A) and concentration of reducing agent (B) as summarized in Table I by determining the absorbance of the solutions. The results of ANOVA are shown in Table II . The P-values is a tool that assists to determine the significance of each coefficient which also indicates the interaction strength of each parameter. For the present experiment, the F-value (17.09) and P-values (p =0.0008) testified the statistical significance of the obtained model. It was shown that the quadratic effects of input parameters were significant from the degree of significance level as they act as limiting factors and little variation in their value alter the production ©IJRASET (UGC Approved Journal): All Rights are Reserved rate. Adjusted R 2 (0.8701)depict that total variation of 87.01% of absorbance is recognized and only 12.99% cannot be explained by the model [25] . In order to evaluate the interaction effects between response and independent variables, a second-order polynomial model (equation 1) was planned to calculate the optimal levels of these variables by determining the maximum absorbance. The results of experiments summarized are in Table I . Absorbance = -0.071176+0.00124039A+0.015665B-0.000146400 A B+0.00000477517A 2 +0.00135752 B 2(1) Fig. 1 Response surface plot of absorbance Vs temperature and concentration of reducing agent Fig. 1 depicts that by increasing temperature and concentration of reducing agent, there was increase in absorbance of synthesized nanoparticles indicating increase in concentration of AgNPs. The quadratic model generated by RSM was used to calculate maximum absorbance achieved when the temperature and concentration of reducing agent were set at 50 0 C and 5.4 g/ 100mLrespectively which were the optimum conditions. The mean value of the absorbance obtained was 0.08736, which was in accord with the predicted value (0.0874).
B. Characterization 1) UV-Visible spectral Analysis
UV-visible spectrophotometer was used to monitor the formation of AgNPs at different time intervals that is 15, 30, 45, 60 and 120 minutes as shown in fig. 2 .The absorbance at 431 nm happens due to the surface Plasmon resonance phenomenon. [21, 26] . It was noted that the nanoparticle formation increases with time as more amount of reducing compounds present in the papaya seed leaches out.
©IJRASET (UGC Approved Journal): All Rights are Reserved The visual change in the colour of the silver nitrate solution is shown in fig. 3 . The reduction of silver nitrate into AgNPs converts the colourless solution into colloidal brown with increase in reaction time [27] .
Fig. 3 Images of AgNPs solutions taken out at different time intervals
2) Particle size analysis :The determination of the particle size of the AgNP was analyzed in the nanoparticle size analyser, TEM and XRD (Fig. 4 a,b and c) and is given in Table III .From TEM image we can note that the particles were predominantly spherical in shape (Fig. 4b) . Synthesized NPs ranged in size from 8 nm to 25 nm with an average diameter of 12 nm shape (Fig.  4a) . The peaks observed in fig. 4c at 31.9039°, 37.7965°, 45.8762° and 64.94° were for (101), (111), (200) and (220) Miller indices respectively which corresponds to the AgNPs. The intense X-ray diffraction pattern clearly showed the crystalline nature of the nano particles (JCPDS card no 04-0783, 1991). [28] The crystallinity percentage was 37.59% which is evident from the (101) peak. The average particle size of the nano particle was estimated from the Debey-Scherrer's formulas per equation. (2) = .
(2)
Where, λ is X-ray wavelength (0.15406 nm), β is full width at half maximum (FWHM) of the diffraction peak in radians, ϴ is Bragg's diffraction angle respectively. [29] The particle size obtained was 11.96 nm. The results obtained by the XRD and TEM are in good agreement. However in case of nano particle size analyzer the particle size is little bit higher. This could be because of the different methodology involved in the measurement [30] . 
3) Energy Dispersive X-Ray analysis:
The energy dispersive X-ray shown in fig. 5 was carried out to identify the presence of elemental silver due to the signals of the silver nanoparticles. The optical absorption bandpeak located in the range of 3 to 4 keV is typical for the absorption of metallic silver nanocrystallites. [31] 
IV. CONCLUSION
The present research showed that AgNPs were synthesized by using papaya seed as a reducing agent. Papaya seeds performed the dual function of formation and stabilization of AgNPs due to the presence of polyols such as terpenoids and flavones naturally present in it. The nano particles were spherical in shape and crystallinity % was 37.59%. The optimal conditions were achieved at 50˚C using 5.4 gm/100mL concentration of papaya seeds as per CCD for maximum absorbance of 0.0874. The particle size of the nano particles synthesized were in the range of 12 nm to 70 nm.
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